A major advantage of enzyme assay over classical use of immunofluorescence and other serologic procedures for identification of mycoplasmas is that the technical requirements and reagents for preparation and performance of the serologic tests are obviated. Both enzyme assay systems evaluated in this study were simple to conduct and required only 4 hours of incubation before assessment. Although both enzyme assay systems are potentially more convenient than present mycoplasma identification techniques, the requirement for as much as 60 ml of log phase culture renders them impractical for use in most diagnostic and clinical laboratories. A system designed especially for mycoplasmas might require less inoculum and/or less intense color reactions. This adaptation might be accomplished by miniaturization of the test, elimination of substrates for nonreactive enzymes, addition of appropriate substrates for other enzymes, utilization of more sensitive color reactions, and/or adaptation of color reactions to automated evaluation in a microtiter plate enzyme-linked immunosorbent assay reader. With such modifications, identification of mycoplasmas by enzyme assay could become a useful procedure in diagnostic laboratories. 
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Pseudospirochetes in animal blood being cultured for Borrelia burgdorferi
Russell T. Greene, Richard L. Walker, Craig E. Greene Darkfield microscopy has been used for many years to detect spirochetes in body fluids of patients suspected of having syphilis or leptospirosis. 1, 5 More recently, investigators have used the same technique for fluids from patients suspected of having Lyme borreliosis. 2 Identification of spirochetes using darkfield microscopy is challenging because artifacts can be confused with spirochetes. Glass shavings, etch marks, curled strands, watermarks, and bacterial flagella have all been listed as causes of spirochete-like artifacts. 6, 8, 9, [11] [12] [13] [14] [15] This communication details one type of "pseudospirochete" that was commonly observed in animal blood Received for publication April 3, 1990. when techniques for the isolation of the Lyme disease agent, Borrelia burgdorferi, were used. We became aware of these pseudospirochetes while culturing approximately 200 canine blood samples for spirochetes. 7 Blood from clinically normal horses (n = 3), sheep (n = 3), and cows (n = 3) was also cultured and examined for pseudospirochetes. Blood was collected into sterile citrate vacutainer tubes, and 1 ml of titrated blood was inoculated into 6 ml of modified Barbour-Stoenner-Kelly II (BSK) medium. 2, 7 The tubes were incubated at 35 C for 3 weeks. Samples taken from medium directly above the erythrocytes were examined with darkfield microscopy twice weekly for the first week of incubation and weekly thereafter.
For transmission electron microscopy, the contents of the entire tube of inoculated medium (approximately 7 ml) was added to an equal volume of Trump's fixative 10 and centrifuged at 500 x g for 10 minutes. The supernatant was further centrifuged at 100,000 x g for 10 minutes at 4 C, and the pellet was resuspended in 200 µ1 of Trump's fixative. Ten microliters of the resuspension was placed on formvar-coated Approximately 1 week of incubation in BSK medium was necessary for pseudospirochetes to become readily detectable in most canine and equine blood samples, whereas up to 3 weeks was necessary for sheep and cow blood samples. The pseudospirochetes were observed either as free-floating structures or as filamentous projections from red blood cells. These structures varied in length from approximately 5 pm to 40 pm (X = 15 pm) and were about 0.25 pm thick (Fig. 1) . The pseudospirochetes often had terminal enlargements. Undulating movements gave the impression of living organisms, but we did not detect rotary movements around an axis or directional movements, as are typical with true spirochetes. These relatively electron-dense pseudospirochetes lacked both endoflagella and an outer envelope when examined using electron microscopy (Fig. 2) ; these structures are readily seen when examining true spirochetes (Fig. 3) . These pseudospirochetes were of erythrocytic origin, as indicated by a sample treated with Wright's stain b that revealed projections from erythrocytes.
Pseudospirochetes resulting from erythrocyte extrusions have been previously described when the blood or body fluids of humans or other animals were examined using darkfield microscopy. 6, 8, [11] [12] [13] [14] [15] These reports often suggest that these artifacts occur as a result of an in vitro event, such as heat treatment. In this report, the in vitro event appeared to be incubation at 35 C in BSK medium. Pseudospirochetes may result when the concentration of ATP decreases in senescent erythrocytes, predisposing these cells to conformation changes. 3, 4 Cellular distortions and projections then develop. When these projections break loose, they resemble spirochetes.
Therefore, care should be exercised when examining specimens with senescent erythrocytes. For example, samples from the midguts of ticks or samples of blood-tinged synovial fluid from arthritic joints may also contain aging red blood cells. Pseudospirochetes can usually be differentiated from true spirochetes by the fact that pseudospirochetes lengths are highly variable and the amplitude of their spiral loops remains fairly constant, whereas spirochetes are relatively uniform in size and the amplitude of their loops often change during movements. In addition, pseudospirochetes swim by irregular undulating movements, whereas spirochetes demonstrate a corkscrew swimming pattern of rotation around a longitudinal axis. If further distinction is needed, fixed smears of suspect organisms should be stained with specific fluorochrome or enzyme-labeled reagent antisera. Polyclonal and monoclonal antisera are available that would not react with protoplasmic extrusions.
The pseudospirochetes observed in our laboratory could easily have been mistaken for live microorganisms. In this case, the pseudospirochetes were extrusions of erythrocytes; but other causes of pseudospirochetes, such as glass shavings, etch marks, watermarks, or bacterial flagella, have also been suggested. 9, 3 Early investigators of human syphilis and leptospirosis emphasized how misleading pseudospirochetes may appear and noted a few early reports where pseudospirochetes were erroneously implicated as causes for diseases. 4, 8 With current interest in Lyme borreliosis, some veterinary diagnosticians may be asked to perform darkfield microscopy on specimens. Diagnosticians should be alert to this potential source of diagnostic error.
have been cited as predisposing factors in eperythrozoonosis and hemobarfonellosis. 2, 3, 5, 7, 8, 11, 15, 17, 18 Recently, an Epeythrozoon-like parasite has been described in llamas (Lama glama). 13, 16 Sera from some infected llamas have given positive results with an indirect hemagglutination (IHA) test that utilizes antigen from swine RBCs heavily infected with E. suis, 20 suggesting that the llama parasite is an Eperythrozoon. The morphologic features of the organism as evaluated by light, scanning, and electron microscopy were similar to Eperythrozoon species. 13, 16 Species of Eperythrozoon tend to be quite host specific, however, and natural cross infections have not been described; the llama parasite may represent a new species or an established species in a new host. Furthermore, many of the infected llamas may have had contact with barn cats, suggesting Hemobartonella as the infective agent. Thus, transmission studies were needed to determine if the llama parasite could be infective for other species. This paper reports the results of attempted transmission of the llama parasite to swine, sheep, and cats.
